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Svrchni paleozoikum

Karbon

*  (carboniferous - uhlonosny)

»  baze = Siphonodella sulcata, profil La Serre, Montagne Noire, Francie
«  MISSISIP + PENNSYLVAN

*  biostratigrafic = konodonti, amoniti, foraminifery, brachiopodi, korali, flora (kaprad’osemenné
«  stratotypy = Belgie, Némecko, Francie

Perm
¢ Permska gubernie, Rusko
*  baze = Properrinites, Pseudoschwagerina, kaprad’'osemenna rostlina Calipteris conferta

prvni vyskyt ,,izolovaného nodularniho” morfotypu konodonta Streptognathodus “wabaunsensis”,
Aidaralash, severni Kazachstan.

*  baze triasu (konec permu) — prvni vyskyt konodonta Hindeodus parvus, profil Meishan, Changxing,
provincia Zhejiang, Cina.

*  biostratigrafie = konodonti, amoniti, foraminifery, brachiopodi, vyssi rostliny
«  stratotypy = Némecko
*  Rotliegendes + Zechstein

Radiometric Dating:

Zircon dating of the "White Clay" (Bed 25) using SHRIMP (ion-microprobe) dating gave a 2%PB/?%%U age of 251.2 + 3.4 Ma.
Using incremental-heating “°Ar/3°Ar analysis of sanidine grains (100-150u across) extracted from the "White Clay”, obtained a
plateau date of 249.91 + 0.15 Ma
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Obr. 50. Zakladni ¢lenéni svrchniho paleozoika v Zapadni Evropé, oddéleni mississip a pennsylvan se vy¢leujf
na severoamerickém kontinentu.
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Typické karbonské facie

1) Uhelny vapenec (Kohlenkalk) — calcareous lagae, crinoids,
foraminifers, brachipods, bryozoans and corals

2) Kulmska facie — Carboniferous flysch, alternation of
greywackes, conglomerates and shales

3) Uhelné cyklotémy — paralic and limnic basins. Paralic basins -
cyclothems
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A Coal Measure Cyclothem

Vegetation
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Disconformity Delta
Brackish and Sand
nonmarine shales
Marine shales
Algal limestones with
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Obr. 51. Hlavni uddlosti svrchniho paleozoika. Upraveno podle Stanley (1992).
Paleogeografie a tektonické procesy

Kontinenty

* Gondwana - (jizni amerika, afrika, indie, arabsky
poloostrov, australie, antarktida)

»  Laurussie (severni amerika)

»  Siberia (asijska ¢ast ruska)

* Kazassky kontinent (jizni rusko a stfedni asie)

*  Perigondwanské mikrokontinenty a terany (Armorika,
Ibersky kontinent, Moldanubicky kontinent - variska
orogeneze)

*  Kimersky superteran

Oceany

*  Rheicky ocdn

» Paleotethys

. Tethys PANGEA

«  uralsky oceén PANTHALASSA
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Mississippian (345 - 335 Ma)
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arc
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Antler Proto-
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Ocean China
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glaciation

Early Mississippian 340 Ma

Cimmeria

glaciation

Late Pennsylvanian 300 Ma
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Continental cratons

m Active fold belts
Basing with continuous marine
sedimentation across Silurian-
Devonian bounday

Oceanic domains

1]

/( Deformation fronts of sctive
fold belts

STB - Saxothuringian Basin
CAB - Central Armorican Basin

LP - London Plattorm
ES - East Silesian Massif

End of Caledonian orogeny AL

OCEAN

Prelude to Variscan orogeny

Early Devonian (400 Ma)
-Laurussia PaLEpTeTHYS
/  OCEAN

~5000 km at Equator ggEEﬁ
Early Devonian [400.00 Mal
o

—-Gondwana

—Perigondwanan microcontinents
- IBR - Iberia
- AMR — Armorican terrane
- MEG — Meguma terrane

Rheic Ocean

Palaeotethys Ocean




EaRLY ORDOVICIAN EARLY S:wmm
A90MA Peri-Gondwana terranes in (W)
Early Palaeozoic

IB — Iberia
OM — Ossa Morena (Portugal)

Armorican Group of Terranes
-AR — Armorica (France)

-SX — Saxo-Thuringian terrane
&Germany — Czech Republic —
oland)

MO - Moldanubian terrane
(Czech Republic)

BV - Brunovistulian terrane
'gEastem Czech Republic —
oland)

N // P
RNl 7
CIMMERIAN SUPERTERRAN
- p

N

Rheic ocean

Fig. 1. Early Silurian reconstruction of the Rheic Ocean immediately prior to the closure of lapetus by way of subduction beneath Laurentia
(toothed red line). Stippled areas denote inferred regions of thinned and/or anomalous thickness of continental and arc crust (simplified after
Pickering and Smith, 1995, with Cadomia placed adjacent to Gondwana). Rheic ridge-transform system purely schematic. Heavy black lines
trace Tornquist suture zone.
Nance et al., 2010. Gondwana
Research 17, 194-222
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Early Mississippian: 340 Ma
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Variskd orogeneze

Féaze variské orogeneze

variska mobilni zona: kolizni udalosti v oblasti
Paleotethys (kolize perigondwanské mikrokontinenty -
Laurussie, finalni kolize Gondwana - Laurussie)

bretonska faze (D/C, evropa)

sudetska faze (sp. C/ sv. C, evropa)
kru$nohorska faze (namur-westphal, evropa)
asturska faze (westphal/stephan, evropa)

saalské faze (perm, evropa)
falcka faze (perm, evropa)
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Peri-Gondwana terranes at the end of Variscan orogeny
Carboniferous and Permian

Bohemian
Massif

suntialliz

4 e[| peg e
a { e ° Caucasus
- et : SN
it i s saarya )
“! : ]

& IB — Iberia
S
w)/i' : OM — Ossa Morena (Portugal)
’;\/@ CA - Cantabria
equalo!
— j/{ PALEOT AR — Armorica (France)
GONDWANA MD — Moldanubian terrane (Czech Republic)
AN SX — Saxo-Thuringian terrane (Germany — Czech
) Republic — Poland)
Late Carboniferous m\—;\v/‘”ﬂ RH — Rhenohercynian Zone (Ireland - Czech

Republic)

BV — Brunovistulian terrane (Eastern Czech
Republic — Poland)

MO — Moesia (Romania, Bulgaria)

Zones of the Variscan orogene in Europe
Subvariscan Zone (not shown) — paralic molasse basins, upper Mississippian - Pennsylvanian siliciclastic sediments, coal-
bearing, acid volcanism, weak, mainly brittle tectonics, postorogenic (Pangaea)
1 - Rhenohercynian + South Portugal Zone: Devonian to lower Carboniferous sediments, rift-passive continental margin-
foreland basins, typical Variscan flysch (Culm facies), bimodal volcanism, weak or no metamorphosis, fold-and-thrust tectonic style
(Avalonia — south Laurussia)

Mid-German Crystalline Rise — metamorphosed upper Proterozoic-to-Ordovician volcanosedmientary complexes, developer on the
margins of SXT terrane

2 — Saxothuringian Zone — medium-high grade metamorphic rocks and postorogenic granitoid plutonism + Devonian and
Carboniferous sediments (wild flysch), deformed (Armorican group of Terranes / Moldanubian terrane - peri-Gondwana )

3 - Moldanubian Zone — Proterozoic to lower Paleozoic rocks commonly affected high- and medium-grade metmorphism,
granitoid plutonism, deformed during the Devonian (Moldanubian terrane — peri-Gondwana)

4 — South Variscan Zones (Ligurian, Cantabrian)

*Direction of thrust propagation
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Zones of the Variscan orogene in Europe

Z 4 BOHEMIAN
""" R ) MASSIF

I:]Norfh Gondwana foreland
fold and thrust belt

Fold and thrust
metamorphic belt
|:|Gondwamm authochthon with

R SRR Gondwanan authochthon with

strong Cadomian imprint
-Allochfhonous units including
- Alpine Front ophiolites and HP rocks
_____ Variscan Front I:‘Soufh Laurentia (Avalonia)

Dextral strike-slip shear zones
Sinistral strike-slip shear zones

Rheic ocean and Rheic suture in the European Variscides

Cambro-Ordovician magmatism

NW AFRICA

Rheic Suture
AMERICA ~— Neoproterozoic Suture

Fig. 3. Location of Rheic suture on Early Mesozoic reconstruction of the North Atlantic and its close with sutures assoc| with the accretion of arc terranes to the
northern Gondwanan margin in the Late Neoproterozoic (from Murphy et al., 2006a). Abbreviations: A= Avalonia, Arm = Armorica, BM = Bohemian Massif, C= Carolinia,
CAD = Cadomia, Ch = Chortis, Fl = Florida, NW-I = northwest Iberia, Oax = Oaxaquia, OM = Ossa Morena, Y = Yucatan.

Nance et al., 2010. Gondwana Research 17, 194-222
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Rheic ocean and Rheic suture in the European Variscides

Y
&

0,

/be”

Avalonia

{Cadomia

Fig. 5. Location of the Rheic suture with respect to Cadomian and Variscan Massifs in southeastern and central Europe (after Linnemann et
al., 2007). Abbreviations: (1) Iberia—BCSZ=Badajoz-Cordoba Shear zone, ClZ=Central Iberian zone, CZ=Cantabrian zone, IC=Iberian
Chains, IM=Iberian Massif, GTOM=Galicia Tras-0s-Montes zone, MM=Maures Massif, OMZ=0ssa-Morena zone, P=Pyrénées, PL=Pulo de
Lobo oceanic units, SPZ=South Portuguese zone, WALZ=West Asturian Leonese zone, (2) Western Europe—AM=Armorican Massif,
FMC=French Massif Central, Li=Lizard Ophiolite, (3) Central and Eastern Europe—BM=Bohemian Massif, BRM = Brabant Massif,
M=Moravo-Silesianzone, MP=Midland Platform, MZ=Moldanubian zone, RM=Rhenish Massif, S=Sudetes, SI=Sleza ophiolite, SXZ=Saxo-
Thuringian zone, TBU=Tepla-Barrandian Unit. Black=oceanic rocks of the Pulo de Lobo suture (Beja-Acebuches ophiolite) in southern Iberia

and ophiolitic units of allochthonous complexes in NW Spain (Galicia).
Nance et al., 2010. Gondwana Research 17, 194-222

Tectonic style: Rhenohercynian Zone, Ardennes, South Wales to

South Cornwall
314 U. Krener, R.L. Romer / Gondwana Research 24 (2013) 298-329

S MidiThrustZone N

Thrust
Ardenne!

s Basal

[ Wesiphalian [ Emsian-Praguian-Lochkovian AW ¢.400 Ma: Early Variscan ,Acadian” deformation
[ Namurian - Dinantien  [__] Famennian - Frasnien I Lower Paleozoic of the Avalonia shelf
South Wales Devon S Cornwall
Bristol Start- ‘
Variscan Channel Culm Padstow  Perranporth Lizard Rheic
Front Fault Basin confrontation Line Complex Suture
o

[ cover [ basement bc:{,,:mm," I ophiolite \ 10 km

Fig. 9. Cross section from South Wales to south Cornwall, showing the main structures from the Variscan deformation. Modified from Warr (2000).

U. Kroner, R.L. Romer / Gondwana Research 24 (2013) 298-329
Nance et al.. 2010. Gondwana Research 17, 194-222
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Tectonic style: Rhenohercynian Zone, Rhenish Massif

AVALONIA
PASSIVE SOUTHERN MARGIN of LAURUSSIA

? S Avalonian Arc ?
2

UPPER ALLOCHTHON: SE

GIESSEN-HORRE-HARZ

N-ARMORICA

CONTINENTAL SLOPE & RISE

RHENO-HERCYNIAN
OCEAN

Fig. 4. Palinspastic reconstruction of the southern passive margin of Laurussia and the Rheno-Hercynian Ocean during the Late Devonian and Early Carboniferous, modified after Franke
(2000). Green question marks indicate the position of the notional “South Avalonian Arc” of Eckelmann et al. (2014), see Section 5.

Franke et al. 2017. Gondwana Research 48 258-284

Bohemian Massif

A tectonic collage of Variscan zones

Palaeozoic volcano-sedimentary
complexes in two main units:

-Moravo-Silesian Zone (Subvariscan
Zone + Rhenohercynian Zone)

-Tepla-Barrandian Unit (Saxothuringian
Zone)

-Moldanubian Zone

Rheic suture in between

Modified by final shearing due to
docking of the “Armorican Spur*

Fig. 3. Geological sketch maps of selected areas of the Variscan
orogen. (Central and Western Europe modified from Kroner et
al. (2008); Iberia modified from Abalos et al. (2002); Morocco
modified from Michard et al. (2010). Abbreviations: BAC —
Beja Acebuch Complex, BdC — Bois de Cené, BMC —
Braganca & Morais Complex, B6O — Béllsteiner Odenwald,
BV — Bruno Vistulian block, C — Careén ophiolite, CBB —
Central i ith, CC —Cl Complex,
COC — Cabo Ortegal Complex, EG — Erzgebirge, EK — East
Krkonose, FW — Frankenberg & Wildenfels, GS — Gory
Sowie, Gu— Gfohl unit, IdG — lle de Groix, KAC — Kaczawa
Accretionary Complex, Li — Lizard Complex, Lim —
Limousin, MdA — Monts d'ArréeMdL — Montsdu Lyonnais,
MeC — Meissen Intrusive Complex,ML — Marianske Lazne,
MorZ — Moravian Zone,MTB — Malpica-Tuy Band,MiC —
Miinchberg Complex, OC — Ordennes Complex, OSM —
Orlica-Snieznik Massif, RCC — Ruhla Crystalline Complex,
SGM — Saxon Granulite Massif, SI — Sleza ophiolite.

Tepla- Barrandian
Unit

Moravo-Silesian
Zone

Variscides ]|

of
Central & Western /|
Europe
S
»Cadomian blocks* Central and Western Europe
(] north of the Rhoic suturo MIMC: Midiand Micro Craton
NAD: North Armorican Domain
: oric in
‘SAD: South Armorican Domain
high pressure c. 400Ma _—
high prossuro c. 360Ma GTMZ: Galicia-Trés-os-Montes Zone
CZ: Gantabrian Zono

'WALZ: West Asturian Leonesa Zone:

CIZ: Central Iberian Zone

hear Zone
Zone

U. Kroner. R.L. Romer / Gondwana Research 24 (2013) 298-329
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Bohemian Massif in Middle Devonian palaeogeography

Moravo-Silesian Zone MIDDLE DEVONIAN 2By

-Brunovistulian terrane, EIFELIAN - GIVETIAN
Avalonia, s. margin of
Laurussia

passive continental margin

Tepla — Barrandian Unit

-Moldanubian terrane,
Armorican group of terranes

synorogenic sedimentation,
early phases of Variscan
orogeny

Moravo-Silesian
Zone

Tepla- Barrandian
Unit

Bohemian Massif in Late Devonian palaeogeography

SIBERIAN

Moravo-Silesian Zone W EEIETAN i e

—Brunovistulian terrane, FRASNIAN - FAMENNIAN
Avalonia, s. margin of
Laurussia

passive continental margin —
foreland basin

Tepla — Barrandian Unit

-Moldanubian terrane,
Armorican group of terranes

Basin inversion, deformation
and erosion

Moravo-Silesian
Zone

Tepla- Barrandian
Unit

AN CERORUATICN PHONY
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Bohemian Massif in Early Carboniferous palaeogeography

Moravo-Silesian Zone EARLY CARBONIFEROUS
LATE VISEAN

—Brunovistulian terrane,
Avalonia, s. margin of
Laurussia

Foreland basin, synorogenic

clastics
Morav|

P

Tepla — Barrandian Unit

-Moldanubian terrane,
Armorican group of terranes

Variscan deformation

Tepla- Barrandian
Unit

Armorican spur

Fig. 8. Two-plate model of the Variscan orogeny (540—
300 Ma). For detailed explanation see text. A-C. The
evolution of the Armorican Spur coeval with the post-
Cadomian formation of the Rheic Ocean in peri-
Gondwana (A, B) is eventually followed by the
subduction of the Rheic Ocean during convergence
between Laurussia and Gondwana (C).

D: Initial collision of the Armorican Spur and Laurussia
between Armorica (A) and the Midland Micro-Craton
respectively.

E:Variscan subduction accretion stage and the evolution
of the Variscan Subduction Zone

F: Intracontinental subduction stage at 340 Ma. Note that
the subduction zones of the Variscan Subduction Zone
System 3 (VSZS IlI: yellow triangles) are spatially
unrelated to the VSZS | and VSZS II.

G: Late-Variscan transpressional stage of the orogeny.
Lateral escape of lithospheric blocks is responsible for
the final arcuate shape of the orogen and the
transformation of the passive continental margin in an
active one along the Paleo-Tethys side of the Armorican
Spur.

C — Careén; Li — Lizard; S| — Sleza; Ca — Carpathian;
TBU — Tepla-Barrandian Unit; L — Lausitz; CIZ —
Central Iberian Zone; OMZ — Ossa Morena Zone; SPZ
— South Portuguese Zone; RHZ — Rheno-
HercynianZone. A —Armorica; GCAW — Galicia
Cornwall Accretionary Wedge; SAD — South Armorican

Domain; Ard — ArglepiigidtHR . BRS¢ /@6 wana Research 24 (2013) 298-329

AUSTROL, o

\mm e

CAUTICN : ONLY PARTIAL

| can DErORMATION PRONT

11/12/2018

16



Paleobiogeografické celky a klima

floristické provincie:
. provir&cie tropického pasu, euroamericka flora (Laurusie,
Asie, Cina)
+ angarska provincie (Sibif)
+ glossopteridova provincie (Gondwana)

Klima
* karbon - ochlazeni, zalednéni Gondwany, chladnickovy
rezim, cyklotémy
* perm - otepleni, aridni klima, klimatickad zonalnost

Palaeoenvironmental
indicators show what the
climate of Pangea was like.

Australia for example was
antarctic-like with glaciers
dominating its southern parts.

Coral reefs indicate warm
tropical waters, evaporites
such as gypsum, indicate hot
dry desert conditions

© (ceafted boulders ® co [ owtatituge deseds
O Evaporite deposits £, Desen dune deposits D Tropics
= Coral reel \ Direction of ice movement E] Glacier
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Fossil evidence
of the Triassic
land raptile
LyStrosaurus.

@sﬂ remaing of
Cynagnathus, 8

Fossils of the fern
Triassic land raptile Glossopteris found
approxmataly Fogsil remains of the in all of the southem
3mlong. freshwatar reptile continents, show that
Mesosauris they were once joined.

Late Paleozoic flora

11/12/2018
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Zelené tasy— rock forming importance of Dasycladaceae and Codiaceae
Koninckopora - Visean

Cervené tasy - Corallinacea

Plankton — Acritarcha, retreat

11/12/2018
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CENOZOIC
PALEOZOIC mesozoc | | |
z Tz |
S 2 E4E 3 \
S |z |3z (E5z(5/3/8 /¢!
S & 3 gl 2122 8|¢E
I s 9 2122l Elz|c|E| &
g z £ 18zl & E|3| g |@ \ox
4 = ‘
Discoasters
Ebridians |
Diatoms
Euglenids 1
ilico!:agellaltes | |
Coccolithophorids
A AL ) b e | | l
' e,
Acritarchs
i I T o | | |
| Green algae
Cyanobacteria | [ | | [ | | | i ‘ FIGURE 12-2 Geologic
distribution and abundances of
oo e s I | e

phytoplankton.  (From Tappan
H., and Leoblich, A . Jr. 1970, Ge

:
700 650 600 550 500 450 400 350 300 250 200 150 100 50 0
Time o= Soc. Am. Special Paper 127:257.

Vyssi rostliny

Karbonské dzungle

— nejvyssi patro: Sigillaria a Lepidodendron (stromové plavuné), kordaity
— spodni patra — kapradiny, semenné kapradiny a pfeslicky (Calamites), vzacnéji konifery

Hranice PALEOFYTIKUM / MESOFYTIKUM
Spodni / svrchni perm

Paleofytikum: pievaha vytrusnych rostlin
Mesofytikum: pi‘evaha nahosemennych rostlin (konifery: skupina Voltziales)

Floristické bioprovincie.

- Glossopterisova (Gondwana, chladnomilna)
- SibiFska bioprovincie (chladnomiln4)

- Euroamericka fléra (tropicka teplomilna)

11/12/2018
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Sigillaria

Lepidodendron
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Calamltes

‘Carboniferous L}
swamp forest
of lycophytes
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1. Cordaites were tall trees (up to 100 ft). Seed plants. A type of gymnosperm.

Cordaites

Cordaites - kordaity

Tree ferns behind giant
rushes in Devonian
" scene

-

Glossopteris is a Permian tree-
fern important in the plate
tectonic story.

Glossopteris

11/12/2018
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Geografické rozsiieni kapradiny Glossopteris na jiZzni polokouli (Gondwana)

Tetbzx 5y

At

Angrralia

bt e ke restrn
Left. Reconstruction of glacial coverage ofPangea O all of these continents, South America, Africa, India,
Australia and Antarctica, there iz evidence for glacial activity. The atrows give the ditection of movement.
Right. Geographic extent of the Carboniferous age fossil Glossopferis, a fern. Ifthe continents are all pat
together, itz geographic extent is well explained.

i :%JL

iur;'f//ww{ﬁff“
s EE e
SR

Srenoa’lc tva

Seed ferns (Pteridosperms) are primitive
seed bearing gymnosperms.

Carboniferous (carbon-bearing period)
coal swamp plants included tree ferns,
seed ferns and true ferns.

Pennsylvanian
seeds of seed
fern Neurobteris

11/12/2018
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Cenozoic @7

Flowering
plants

Cretaceous Cycadeoids
o /
o
9 - o L
o
ow
Q
=

Jurassic

Triassic \

V/ X e 8 y L |
Permian Seed ferns
& 2
o | Carboniferous Cordaites
9 22 Lycopods
8
©
o
Small spore-bearing
Devonian \ plants
[] Gymnosperms 4
Silurian [ Spore-bearing plants e ————— -

FAUNA

11/12/2018

25



Fusulinid
foraminifera:Parafu
sulina sp.. Scale bar
is 1 cm long.

Foraminifers — endothyrid type dominate in lower
Carboniferous, since upper Carboniferous domintae
fusulinids.

They were quite large — several cm. Rock-forming —
fusulinid limestones.

fusulinid from the Lower Permian Owens Valley
Group, Inyo County, California; an iron mineral
called limonite has created the reddish-brown
coloration of the specimen, which here reveals in
splendid fashion

A natural cross-section of a silicified Stewartina sp.

BraChiODOdS — decreasing diversity, Strophomenida, Productus, Gigantoproductus in Carboniferous,
in Permian also thick-walled forms as Horridonia and Richthofenia

- 20 genera

Orthida Stroph id P id Rhychonellida Spiriferida Terebratulida

11/12/2018
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Crinoids — rock-forming significance, increasing representtaion of echinoids.

| Pachylocrinus
‘aequalis (Hall)
Early
Mississippian,
" Crawfordsville,
. Montgomery Co.,
2/ 4 Indiana

~ Recrystallized

Cyathocrinites
multibrachiatus
(Lyon &
Casseday)

Early
Mississippian,
Crawfordsville,
Montgomery Co.,
Indiana

* Recrystallized
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Echinodermata - Crinoidea
% JJ 5\ G "‘,,;{dv i : o

Barycrinus
hoveyi (Hall)
Early
Mississippian,
Crawfordsville,
Montgomery Co.,
Indiana

Recrystallized

Tabulate and rugose corals - Kohlenkalk

Rugose Coral
Location: Near Sonoita Az.
Age: Permian

Bryozoans-rock-forming significance

Class: Stenolaemata
Order: Fenestrata

Bryozoa

Location: Near Sonoita Az.
Age: Permian

28



Molluscs

Ammonites with goniatite type of suture, in upper Permian ceratite type of suture.

Goniatites
Pericyclus
Eumorphoceras

Bivalves — in carboniferous widepread epiplanctonic groups as Posidonia becheri

Colonization of fresh-water environment —
Carbonicola

Carbonicola acuta
Laura. Westfalien A. Coll. Bart Vernooy.
Length 2.5 cms

11/12/2018
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Gastr0p0d| — prvni zastupci Pulmonata

TrlIObltl — PI‘OGIUS, vyznam klesa

MeChOka (Bryozoa) — mechovkové utesy (Capitan Reef, Gualdalupe Mountains, Texas)

Clenovci — Hmyz

Paleodictyoptera
Neoptera

- §véabi

- vazky

- stonozky

- mnohonozky

11/12/2018
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Meganuera monyi - order Meganisoptera
a giant dragonfly (order )
wingspan 60 to 75 cm

of Europe.

1Pennsylvanian

centipede from
Mazon Creek

Insect similar
to katydid

11/12/2018
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http://www.palaeos.com/Invertebrates/Arthropods/Insecta/Protodonata.html
http://www.palaeos.com/Paleozoic/Carboniferous/Carboniferous.htm

Conodonts — stratigraphically important. Suiphonodella, Scaliognathus, Gnathodus

LALT

Sharks — aiso rivers and lakes. Xenacanthus, Ctenacanthus.

Actinopterygii — predominately Chondrostei, Paleoniscida, Paleoniscus

Amph ibia — Stegocephali. Carboniferous — age of amphibians.

Discosauriscus

11/12/2018
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FIGURE 10-78 The evolution
of amphibians and lobe-fin fishes.
(From Colbert, E. H., and Morales, M. 1991.
Evolution of the Vertebrates, 4th ed. New
York: John Wiley. With permission of the
author, artist Lois Darling, and the
publisher.)

s

Therapsids Thacadantans
(Permian s {prrmisn-Trinasic)
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Anapsid

Embryo

Amnian cavity

Allantois

Charian
€)1335 Wiadsworth Publishing Company//I TR

FIGURE 12-23 Reptile skull types. (p, parietal; sq,
squamosal; po, postorbital; j, jugal; gj, quadratojugal.)

@) In which of the above groups are dinosaurs placed?

11/12/2018
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Reptiles

Cotylosauria (anapsids) - first reptiles in middle carboniferous)

Pelycosauria mammal-like reptiles, synapsids, first in
Late Carboniferous, extinct in middle Permian

Therapsida — synapsids, predecessors of mammals, middle Triassic

Notosaurs (euryapsids), Tcecodonts (diapsids) — late Permian

DIAPSIDA

FIGURE 12-24
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Pelycosaurs
Pelycosaur vs. Therapsid Jaw

PBlycosal“' Although Therapsids

resemble pelycosaurs in
some ways, they had a
much larger hole in the
outer skull armor,
flange on lower jaw for
muscle attachment, and
shorter heads. All these
differences from
pelycosaurs are
related to more

elaborate chewing. In

addition, some had a
more upright posture.
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FIGURE 10-82 Mounted skeleton of the
Permian “sail-reptile” Dimetrodon gigas. The
tail was actually somewhat longer. (Courtesy
of the U. S. National Museum of Natural History,
Smithsonian Institution.)

oo O DA [ A

E

GONODGGEE B3 A

FIGURE 10-81  Permian reptiles. The sailback reptiles with the larger skulls and teeth are
Dimetrodon. Edaphosaurus, a herbivorous form, is just right of center. The smaller lizardlike reptiles are
Casea. (Courtesy of The Field Museum of Natural History, Chicago; pamting by C. R. Knight; Negative No, CK45T.) @ s it
likely that predator and prey would peacefully congregate as depicted in this mura|
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Therapsids

Der Sauroctonus wies bereits ein michtiges, differenziertes Gebiss auf und wird eines der groen Raubtiere
des Perms gewesen sein.(Werk des Kiinstlers Z. Burian)

The bear-sized Inostrancevia alexandri assaulting the ox-sized armoured herbivore
Scutosaurus karpinski

11/12/2018
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http://www.palaeos.com/Vertebrates/Units/400Therapsida/400.800.html#Gorgonopsia
http://www.palaeos.com/Vertebrates/Units/Unit200/200.html#Pareiasauria

Moschops

Pelycosaur
squamosa{l’ T

. -

(A’I
’ 3

Figure 1.4.1. The jaws of three vertebrates—
mammal, therapsid, and pelycosaur. A side view of
three idealized skulls of mammals, therapsids (mammal-
like reptiles), and pelycosaurs (early reptiles). The figure
shows the differences between mammal and
reptilian jaws and ear-bone structures. The jaw joint
is shown as a large black dot,

the quadrate (mammalian anvil or incus) is in
turquoise,

the articular (mammalian hammer or malleus) is
in yellow, and

the angular (mammalian tympanic annulus) is in
pink.

Note how, in the reptile, the jaw joint is formed between
the blue quadrate and the yellow articular (with the pink
angular close by), and how, in the mammal, the jaw joint is
formed between the squamosal above and the dentary
below. In the reptile, the squamosal is just above and
contacting the quadrate. Advanced therapsids have two
jaw joints: a reptile-like joint and a mammal-like joint
(Figure based on Kardong 2002, pp. 275, reproduced with
permission from the publisher, Copyright © 2002
McGraw-Hill

11/12/2018
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Diapsida

A great small many insectivorous lizard-like reptiles, like Paliguana, inhabited the landscape, most of
which, curiously, had hind-legs much longer than their forelimbs (clearly an adaptation to bipedal locomotion,
like the frill-necked lizard of Australia today)

11/12/2018
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http://www.palaeos.com/Vertebrates/Units/210Eureptilia/100.html#Diapsida
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Late Ordovician ' W Late Triassic
Late Devonian Late Permian
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I
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FIGURE 10-84 Diversity
of marine animals compiled
from a database recording first
and last occurrences of more
than 34,000 genera. The graph
depicts five major episodes of
mass extinction (global
extinctions over a short span of

geologic time).  (Adapt
ski, |. J., Jr. 1994. Geotimes

The end-Permian mass extinction event ranks as the most devastating to terrestrial
faunas in the history of the Earth. Marking the end of the great Palaeozoic era, it saw to
the death of about 95% of marine species and 70% of land families. This is the most
extensive extinction event ever, the closest that metazoans have come to being
exterminated in the 600 million years since they first evolved in the Cambrian radiation.

Hurh er of faamilies

M8 &3 8 3 838 3

the diversification levels of two organiamal groups (Benton 10903

Figwe 4 Showing the effect of the P-T extinction, indicated with an arrow, upon

11/12/2018
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The Permian mass extinction occurred about 248 million years ago
and was the greatest mass extinction ever recorded in earth history;
even larger than the previously discussed Ordovician and Devonian
crises and the better known End Cretaceous extinction that felled the
dinosaurs. Ninety to ninety-five percent of marine species were
eliminated as a result of this Permian event.

The primary marine and terrestrial victims included the fusulinid
foraminifera, trilobites,rugose and tabulate corals, blastoids,
acanthodians, placoderms, and pelycosaurs, which did not
survive beyond the Permian boundary.

Other groups that were substantially reduced included the
bryozoans, brachiopods, ammonoids, sharks, bony fish,
crinoids, eurypterids, ostracodes, and echinoderms.

e Permian period (about 245 mya), t
occurred, wiping out 90-95% of mar

— The glaciation of Gondwana, the primary theory for the two previous
mass extinctions,

— the increased fluctuation of global temperatures caused by north and
south pole glacier events,

— volcanic eruptions occurring in Siberia, and

— The formation of super-continent Pangaea, which possibly caused a
reduction of space on the continental shelf. (However, this last theory is
especially subject to criticism, because this occurred before the mass
extinction did.)
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Geological development
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Cordilleran Mobile Belt: Antler Orogeny

*The cordillera was a passive continental margin for much of the Proterozoic and Paleozoic
—collision with an island arc took place in Early Mississippian time - the Antler orogeny
—sediments eroded from these highlands were deposited to the east

Volcanic arc
Antler Hightands

Centinental shelf

Continantal crust

Ouachita Mobile Belt

» Extends from the subsurface of Mississippi to Texas
— the Ouachita Mts. and Marathon Mts. are exposed areas of shallow-
water clastic and carbonate sediments deformed by compressive forces
generated as Gondwana collided with Laurasia

(a)

=
/
Continsntal crust

Oeeanic crust

(b

Continental crust

Gondwana

(S 1998 Wadswarth Publishing Companny/ ITP
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Varisky orogén v Evropé

Subvariska zona — dozvuky variského vrasnéni — slabé zvrasnéné nebo nezvrasnéné sedi ty.
Molasové paralické uhelné panve

1) Rhenohercynské-jihoportugalska zéna — extenzni zéna variské kolize(devon-spod. karbon),
Okraj Avalonie, brunovistulika, pfikrovova stavba, bimodalni vulkanismus, slaba
nebo Zadna metamorféza, typicky fly$ (kulm)

Stiredonémecky krystalinicky prah — metamorfované svrchnoproterozoické-ordovické
sedimenty a vulkanity, pivodné okraj terany sxothuringika. Od rhenohercynské
zony oddélen fylitovou zénou

2) Sasko-durynské Z0Na — znaéna metamorfoza a grantizace slabnouci k severu, postorogenni

» PR 2 Xl q

p us. P vr v spodnim devou, hlavni faze spodni karbon.
Divoly fly§ — devon-sp, katbon. Teran saxothuringika oddélen od moldanubika
ebersdorfskou linii (litoméFicky zlom), marianskolazenisky ultrabazicky komplex

3) Moldanubicka z6na - intenzivni metamorféza, granitizace a plutonismus. Hlavng devonské faze
vrasnéni. Moldanubicky terdn (Perunica). Na zipadé a severu tekton. Kontakt s
saxothurungikem, na jihu s perimediterannim terinem a na vychodé¢ s brunovistulikem

11/12/2018
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East European Craton

B

East Avalonian \ -

Peri-mediterranean

Noric-Bosnian
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Moravosilesian region

o

TRANSITIONAL
DEVELOPMENT,

BASINAL |
DEVELOPMENT]|

(@

Moravian

el

LEGEND: [T Rl tasamen

Variscan
crystalline rocks.

[[7] wester carpathian ysch

Neogene - Quaternary

Devonian - Lower Carboniferous. Hypothetical subsurface
ook N fimit of Platform Development

pre-flysch rocks

:_gmcv: gi::;nﬂcfmls fysch Lo] Seation locations

Permian - Cretaceous
sedimentary cover

Moravskoslezsky spodni karbon

L,piedflySova sedimentace — pokracuje z devonu (drahansky vyvoj, v. Mor. Krasu), karbonaty, bfidlice, silicity

Stafi: tournai — sv. visé
- LiSeriské souvrstvi (karbonaty, vyvoj Mor. Krasu)
—  Bfezinské bridlice (bfidlice s trilobity, vyvoj Mor. Krasu)

Major city

—  Ponikevské souvrstvi (bfidlice s radiolarity, vyvoj drahansky)

—  Jesenecké vapence (krinoidové vipence, vyvoj drahansky)
— Vulkanity (vjvoj drahansky)

Sedimenty kulmské facie (moravskoslezsky kulm) — varisky fly§ — prachovce, droby, slepence, jilovce
Stafi: sp. visé — sv. vis¢ / namur, souhrnna mocnost az 7 km, vypli hlubokomoiské predpolni panve, findle variské

orogeneze

Kulm Nizkého Jeseniku
—  Moravskoberounské slepence
—  Souvrstvi andélskot

Kulm Drahanské vrchoviny

Souvrstvi proti ke, t

Kulm kry Maleniku
Mirovsky kulm
Drobné vyskyty v hornomoravském tvalu

ské, hor é, ické, hradecko-kyjovické

11/12/2018
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Obr. 61. Litostratigrafické élenéni sedimentil kulmské facie moravskoslezské oblasti, upraveno podie riznych zdroji.
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Geologickd minulost Ceské republiky o
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Obr. 111. Schematickd mapa karbonu Nizkého Jeseniku a piilehlych vyskyti (upraveno podle J. Dvofika 1994),
— devon v drahanském vyvoji: 2 — devon ve vyvoji M ¢ho krasu; 3 — andé souvrstvi: 4 —

Sovské s.; 5 — moravické s.; 6 — hradecké vrstvy: 7 - kyjovické vrstvy: 8 — ostravské s.
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Obe. 114, Schematickd geologicki mapa Drahanské vrchoviny (podie J. Dvofikan 1968).
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Moravskoslezsky svrchni karbon

+ a) Hornoslezska panev (Cs. ¢ast): z hornoslezské panve, rozkladajici
se mezi Ostravou, Krakovem a méstem Gory Tarnowskie, sem
patfi ¢ast vymezend na Z vychozovou linii Starova motského patra, na
S a V je ohraniCena statni hranici, j. a jv. omezeni panve je zakryto
beskydskymi piikrovy. Na naSem uzemi je vyplnéna sedimenty
produktivniho namuru a westphalu A. Ty jsou vétsinou piekryty
terciérnim (karpatska predhlubeil) a kvartérnim pokryvem. J. cast
panve je zakryta kiidou a terciérem beskydskych ptikrovi.

* b) Némci¢ska panev: Reprezentuje vyskyty svrchniho karbonu
(namuru) na stfedni a j. Morave, zjisténe napt. u Némcicek a Popic,
kde byly ve svrchni ¢asti ostravského souvrstvi zastizeny ¢ernouhelné
sloje. Panev je zakryta uloZeninami karpatské piredhlubné. Je velmi
pravdépodobné, Ze jde o relikty karbonu k J vybihajici hornoslezské
panve.

Limnicky permokarbon

Postorogenni panve na povrchu ¢eského masivu (varisky nezvrasnéné)
Svrchni karbon (westphal — perm / trias)
Siliciklastické kontinentalni sedimenty (jezerni, ¥i¢ni) a vulkanity

Systémy panvi:
—  Stiedoesky permokarbon
—  Permokarbon brazd

—  Luzicky permokarbon

11/12/2018
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2. Limnicky svrchnf karbon a perm Ceského masfvu
1 — sudetské mladsf la- ick4 pénev, 1b — mni i¥tské p., 1c — podkrko-
nodskd p. (s vyskytem na Zvi€in€ — 1c; a Hofickém hibetu — 1c2), 1d — vnitrosudetsk4 p. (Seskd Msn le—
vyskyty permu v Orlickych hordch, 1f - orlick pénev. 2 — a miads(
2a - plzefiskd panev, 2b — man&tinsk4 p., 2c — radnick4 p., 2d — Zihelsk4 p., u kladensko-rakovnick4 p.,
2f —m3ensko-roudnickd p., 2g — vyskyt u Kravaf. 3~ mlad3f i vyskytyu
(3a) a mezi Moldavou a Teplicemi (3b). 4 — mlad3{ paleozoikum brézd: 4a — blanick4 brdzda — 4a; s. dfl
(Ceskobrodsko), 4az — stfednf dfl, 4az vyskyty na Viasimsku, 4az- vyskyty u T4bora, 4a3 —jiznf dfl (u C.
Budgjovic), 4b — boskovickd brzda (4bi — vyskyt u Miroslavi), 4c — jihlavské brézda (4cy — vyskyt v
Zeleznych hordich, 4c2 — vyskyt u Hradce Krélové)

StredoCesky ,,permokarbon

a) Plzefiska panev: Reprezentuji ji sedimenty od westphalu B do stephanu C. Rozklada se mezi obcemi Plasy-
Hefmanova Hut’ a Dobrany.

b) Manétinska panev: Je vyplnéna redukovanym sledem westphalu D a stephanem. LeZi mezi obcemi Mocidlec-
Komarov-Cban a Lité.

c) Radnicka panev: Je budovana pouze uloZeninami westphalu B az D.
d) Zihelska panev: Je vypInéna uloZeninami westphalu D, vyjimeéné té7 westphalu B a C a stephanu.

e) Kladensko-rakovnicka panev (KRP): Panev vyplituje vrstevni sed westphalu, stephanu a permu. Jeji sedimenty
pokryvaji uzemi mezi Protivcem u Zlutic-Kralupy nad Vltavou-Cizkovicemi a Rokli u Kadang. Vychodni hranice KRP
Je konvenéni a probiha od Kralup nad Vltavou k S podél Vltavy az k Nové Vsi a odtud k SZ pies Prestavlky, Vrbi¢any a
Cizkovice.

f) MSensko-roudnicka panev: Panev je vypInéna sledem westphalu D (vyjime¢né i redukovanym westphalem B a C),
stephanu a permu. Mladsi paleozoikum .m.r.p. je zakryto kiidou, misty téz terciérnimi sedimenty a vulkanity. Rozklada
se meZi obcemi Kralupy nad Vltavou-Milovicemi-Hrdlotezy u Mladé Boleslavi-Cizkovicemi. Rozhrani mezi
roudnickou a mSenskou ¢asti panve probiha od j. okraje msensko-roudnické panve s. od Neratovic podél Labe az k Gsti
Libéchovky a dale k S az k Zatyni, szo od Dubé.
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1 — sudetské mladsf la- pénev, 1b - adi¥tskd p., 1c — podkrko-
noSsk4 p. (s vyskytem na Zvi€ing — 1c1 a Hofickém hibetu — 1c2), 1d — vmlrosudetsu P. (Seskd E4st), e —
vyskyty permu v Orlickych hordch, 1f - orlick4 panev. 2 — mlads(

2a — plzefiskd panev, 2b — man&tfnsk4 p., 2¢ — radnick4 p., 2d — Zlhclsu P., 2¢ — kladensko-rakovnick4 p.,
2f —m3ensko-roudnickd p., 2g — vyskyt u Kravaf. 3~ mlad3f p. vyskyty u

(3a) a mezi Moldavou a Teplicemi (3b). 4 — mlad3f paleozoikum brdzd: 4a — blanick4 brdzda — 4a; s. dfl
(Ceskobrodsko), 4az — stfednf dfl, 4az vyskyty na Viasimsku, 4az- vyskyty u T4bora, 4a3 —jiznf dfl (u C.
Budgjovic), 4b — boskovickd brazda (4br — vyskyt u Miroslavi), 4c — jihlavskd brézda (4ci — vyskyt v
Zeleznych hordch, 4c2 - vyskyt u Hradce Krélové)

Litostratigrafie

N
Mg
P \\ -~

manétinska |  plzefiska -rﬂ:g\?ﬁiﬁ- ij'é& mg’gig?s'& podirkonogska|vnitrosudetska|  blanicka | boskovicka
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~Permokarbon* brazd

a) Boskovicka brazda (ve smyslu mladsi paleozoikum boskovické brazdy): Lezi mezi maloninskou hrasti (j. okoli Moravské
Tiebové) na S a Moravskym Krumlovem na J; izolovany vyskyt se naléza u Miroslavi (sv. od Znojma). Je vypInéna sedimenty
svrchniho karbonu (stephanu C) a permu (autunu) Na mensim uzemi je mladsi paleozoikum kryto sedimenty kfidy a terciéru.
Dil¢imi jednotkami jsou rosicko-oslavanska deprese (s uhelnym revirem), tisnovsko-kutimsky prah (elevace), boskovicka
deprese.

b) Blanicka brazda (ve smyslu mladsi paleozoikum blanické brazdy): Jde o nesouvislé vyskyty mladsiho paleozoika mezi Geskym
Brodem na S a Ceskymi Bud&jovicemi na J, sefazené do pruhu sméru SSV -JJZ. Severni hranici tvoii podkiidova elevace mezi
Starou Boleslavi a Nymburkem, jejiz soucasti je i kounicky hibet; na J byly mladopaleozoické uloZeniny prokazany nejdale k tzv.
Reiningerovu zlomu u Ceskych Budgjovic.

Je vyplnéna sedimenty nejvysSiho karbonu (stephanu C) a spodniho permu (autunu). Regionalné se vyskyty m.p.b.b. ¢leni do tii
&asti: a) severni, s viskytem u Ceského Brodu a Kostelce nad Cernymi lesy (plosné nejrozséhlejsi), b) stredni &ast, s vyskyty v okoli
Vlasimi a Tabora, a c) jizni Sast, s vyskytem u Ceskych Budgjovic (s Ihotickym revirem).

¢) Vyskyty mladsiho paleozoika v Zeleznych horach (lok. Kraskov, Se€) a v podloi kiidy z. od Hradce Kralové (lok. Zizkovec,
Urbanice) jsou nékterymi autory interpretovany jako zbytky brazdy, ktera se vyskytovala v izemi mezi z. okolim Hradce Kralové a
Pardubic na S a Jihlavou na J.

0 %0 20 30 40 S0km
e g

2. Limnicky svrchnf karbon a perm Ceského masfvu
1 — sudetské mladsf la— ick4 p4nev, 1b — mni itskd p., 1c — podkrko-
no¥skd p. (s vyskytem na Zvi€ing — 1¢1 a Hofickém hibetu — 1c2), 1d — vmlmsudclskﬂ P (Ceskd éﬁsﬂ le—
vyskyty permu v Orlickych hordch, 1f — orlick4 pénev. 2 — mlads(
2a — plzefiskd panev, 2b — manétinsk4 p., 2¢ — radnick4 p., 2d — hhzlskﬁ Pp., 2¢ — kladensko—rakovnick4 p.,
2f —m3ensko-roudnickd p., 2g — vyskyt u Kravaf. 3~ mlad3f i vyskyty u
(3a) a mezi Moldavou a Teplicemi (3b). 4 — mlad¥f paleozoikum brdzd: 4a — blanick4 brézda — 4a; s. dfl
(Ceskobrodsko), 4az — stednf dfl, 4az vyskyty na VlaSimsku, 4a> vyskyty u Tibora, 4a3 —jiznf dfl (u C.
Budgjovic), 4b — boskovickd brédzda (4b; — vyskyt u Miroslavi), 4c — jihlavsk4 brdzda (4c) — vyskyt v
Zeleznych hordch, 4cz2 — vyskyt u Hradce Krélové)
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a) Vnitrosudetska panev (Ceska ast): Lezi mezi krkonossko-jizerskym krystalinikem na SZ, Sovimi horami v Polsku na SV a Orlickymi
horami na N; na JZ ji omezuje hronovsko-poficsky zlom. Panev -je vyplnéna spodnim a svrchnim karbonem, permem a triasem. Nejvétsi
Cast vyplné tvofi sekvence od namuru po svrchni perm. Jde o panev s nejiplnéjsim vrstevnim sledem ze viech permokarbonskych panvi
Ceského masivu. V nadlozi lezi kiida polické panve. Souéésti panve jsou zacléisky, svatofiovicky a hronovsky (zd’arecky) revir.

b) Podkrkono3ska panev: LeZi na j. Gpati krkono$sko-jizerského krystalinika. Omezeni na V je dano hronovsko-pofi¢skym zlomem, na Z
luzickou poruchou a rovenskym zlomem, j. hranice probiha mezi j. okolim Hofic k Jaroméi a Nachodu. Je vypInéna kontinentalnimi
ulozeninami svrchniho karbonu (od westphalu C vyse), permu a triasu. Jeji dil¢i jednotkou na V je trutnovsko-nachodska deprese, vyplnéna
posalskymi sedimenty. P. p. je na J provazena denudacnimi vyskyty na Hofickém hibetu a Zvi¢iné.

c) Mnichovohradi$t'ska panev: Lezi na Z od panve podkrkonosské a na V od panve msensko-roudnické. Sedimentace v ni zagala ve
westphalu D a skoncila ve svrchnim autunu. Jeji vypln, z velké Casti tvofend vulkanickymi horninami, je pfevazné skryta v podlozi kfidy.
Jeji z. ohranieni je soucasné i hranici mezi sudetskym a stfedoeskym mlad$im paleozoikem; na S tvofi hranici hefmanecky granitoid, k N
probihé pies marSovicko-bezdézskou elevaci az k Jizefe s. od Mladé Boleslavi, dale na J jde k z. okraji lusténické elevace. NaJ je vymezena
priibéhem lusténické elevace a jejim pokracovanim k N. Na V jde hranice podél luzické poruchy a rovenského zlomu, na SZ probiha mezi
Ceskou Lipou a Libercem. Povrchové vyskyty vystupuji podél luzické poruchy s. od Turnova.

d) Ceskokamenicka panev: Lezi mezi mnichovohradist'skou panvi na VN a krystalinikem Krusnych hor na SZ mezi Dé&inem, Cvikovem,
Zakopy, Ustékem ajv. okolim Usti n. Labem. Je vypInéna sedimenty stephanu C a autunu. Dil¢imi jednotkami jsou Zandovska a srbsko-
kamenicka deprese, jez byly nevhodné oznaCovany jako samostatné panve.

€) Orlicka panev: Panev, ktera dostala jméno podle feky Orlice, zahrnuje sedimenty permu blize neprokazaného stafi (patrné autun a
saxon). Lezi mezi trutnovsko-nachodskou depresi a vyskyty permu v Orlickych horach na SZ a boskovickou brazdou na J, s niz hrani¢i na
maloninské hrasti. Naléza se v podhii Orlickych hor a na SZ od Drahanské vrchoviny. Na S tvofi erozni omezeni linie Zamberk-Potstejn,
na Z probiha hranice od Pottejna do s. okoli Letovic; na J jde odtud k Jevicku. Vychodoseverovychodni omezeni je tektonické (odtud téz
oznacovani brazda) a probihd od Zamberka k Moravské Trebové.

) Vyskyty permu v Orlickych horach: predstavuji denudaéni zbytky a jsou pravdépodobné saxonského stafi. Indikuji piivodni navaznost
orlické panve na trutnovsko-nachodskou depresi. Lezi ve v. okoli Nachoda a sv. od Dobrusky.
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Obr. 7.9 Povrchové t&7ba sloje lampertickych vrstev - Zacléf. Foto J. Jirasek.
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